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Abstract
Background
Stroke is a major cause of disability in older adults, but the evidence around post-acute
treatment is limited and heterogeneous. We aimed to identify profiles of older adult stroke
survivors admitted to intermediate care geriatric rehabilitation units.
Methods
We performed a cohort study, enrolling stroke survivors aged 65 years or older, admitted to
9 intermediate care units in Catalonia-Spain. To identify potential profiles, we included age,
caregiver presence, comorbidity, pre-stroke and post-stroke disability, cognitive
impairment and stroke severity in a cluster analysis. We also proposed a practical decision
tree for patient’s classification in clinical practice. We analyzed differences between profiles
in functional improvement (Barthel index), relative functional gain (Montebello index),
length of hospital stay (LOS), rehabilitation efficiency (functional improvement by LOS),
and new institutionalization using multivariable regression models (for continuous and
dichotomous outcomes).
Results
Among 384 patients (79.1±7.9 years, 50.8% women), we identified 3 complexity profiles: a)
Lower Complexity with Caregiver (LCC), b) Moderate Complexity without Caregiver
(MCN), and c) Higher Complexity with Caregiver (HCC). The decision tree showed high
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agreement with cluster analysis (96.6%). Using either linear (continuous outcomes) or
logistic regression, both LCC and MCN, compared to HCC, showed statistically significant
higher chances of functional improvement (OR = 4.68, 95%CI = 2.54–8.63 and OR = 3.0,
95%CI = 1.52–5.87, respectively, for Barthel index improvement20), relative functional
gain (OR = 4.41, 95%CI = 1.81–10.75 and OR = 3.45, 95%CI = 1.31–9.04, respectively,
for top Vs lower tertiles), and rehabilitation efficiency (OR = 7.88, 95%CI = 3.65–17.03 and
OR = 3.87, 95%CI = 1.69–8.89, respectively, for top Vs lower tertiles). In relation to LOS,
MCN cluster had lower chance of shorter LOS than LCC (OR = 0.41, 95%CI = 0.23–0.75)
and HCC (OR = 0.37, 95%CI = 0.19–0.73), for LOS lower Vs higher tertiles.
Conclusion
Our data suggest that post-stroke rehabilitation profiles could be identified using rou-
tine assessment tools and showed differential recovery. If confirmed, these findings
might help to develop tailored interventions to optimize recovery of older stroke
patients.
Introduction
Almost 75% of strokes occur in people over 65 years old, with a consequent very high preva-
lence of older adult stroke survivors with subsequent disability and dependence [1]. This group
often has comorbidity and pre-stroke reduced functional capacity, which increases the risk of
disability, institutionalization and death [2]. Structured clinical pathways can aid the delivery
of evidence-basedeffective stroke care at all stages of stroke recovery. During the post-acute
phase, patients require comprehensive and multidisciplinary care to achieve the best possible
functional outcomes. Various models for providing this care have been described,with no con-
sensus on the optimal approach [3].
In the Spanish region of Catalonia, after an acute stroke, patients can be discharged to an
in-hospital Intensive Rehabilitation Program (IRP), to an Intermediate Care (IC) unit, to a
long-term care facility or to home with community rehabilitation support [4]. IRPs were
developed for a specific patient group: low comorbidity, previously independent in activities
of daily living (ADL) and with good functional prognosis. IC units serve a less defined
patients’ group, generally older, excluded from IRPs and unable to return home directly
from the acute hospital for different reasons (comorbidity, medical complications, disabil-
ity, lack of social support, etc.) [4,5], therefore providing higher proportion of post-acute
care than IRP.
Stroke recovery is heterogeneous and is associated with a wide range of factors (including
age, stroke severity, comorbidity, disability, access to acute treatment, cognitive function) [6–
8]. This fact, together with the limited evidence around post-acute treatment [9,10], compli-
cates the creation of standardized practice and guidelines [11]. A better understanding the
case-mix and outcomes for older adults in post-acute stroke rehabilitation could help clinicians
to allocate effective interventions, to guide patients and families in setting realistic goals and to
assist policymakers in determining resources allocation.
We aimed to identify possible rehabilitation profiles of older adult stroke survivors, based
on routine demographic, clinical and social characteristics at admission to IC units, and to
describe their outcomes at discharge, also testing differences across profiles.
Rehabilitation Profiles of Stroke Survivors
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Methods
Design and population
From January to December of 2010, we conducted a multicenter cohort study designed to
describe patients’ characteristics and resources utilization in the IC units of Catalonia, Spain.
The study was promoted by the Socio-Sanitaryand the CerebrovascularDiseasesMaster Plans
of the Health Department of Catalonia, and was approved by the Animal and Human Experi-
mentation Ethics Committee of the Universitat Autónoma de Barcelona. All patients and/or
their family whomeet inclusion/exclusion criteria received an explanation about the aims and
implication of the study. Written informed consent was obtained from each patient and/or
their family. This study was performed in accordance with the Declaration of Helsinki.
Our sampling frame was based on local population size and stroke incidence: each of the 5
peripheral Health Regions of Catalonia was represented by the largest IC unit of the area. For
the Health Region of Barcelona, the largest, 5 units were select.We included patients 65 years
old and over, admitted to IC during 2010 from any acute hospital, with stroke as primary diag-
nosis. We excluded patients under 65 years old and those who declined to give informed
consent.
Baseline evaluation
An experienced and trained nurse or physiotherapist, according to staff availability at each site,
collected demographic (age and sex), clinical and functional characteristics, as well as aspects
describing the healthcare process. Medical information was collected from electronic records
and confirmed by the staff. Clinical assessment included: comorbidity (smoking and alcohol
consumption, dementia, cerebrovascular disease, diabetes mellitus and dyslipidemia), clinical
characteristics at IC admission (pressure ulcers, nasogastric feeding tube, percutaneous enteral
gastrostomy, dysphagia and aphasia), the Charlson index [12] and stroke characteristics (type
[ischemic/hemorrhagic] and severity at IC admission [National Institute of Health Stroke Scale
(NIHSS)] [13,14]. Function was assessed using the Barthel index (BI, score 0–100, disability-
independence) [15]. Pre-stroke functionwas report by patient/caregiver, and post-stroke func-
tional assessment was based on staff observation at IC admission and discharge. We assessed
cognitive function using the “Rancho Los Amigos Scale” (RLAS), which evaluates conscious-
ness and cognitive level (score from 1–8 points, coma-intact cognition) [16]. We collected
information on pre-stoke residence and presence of a caregiver. Healthcare process variables
included beginning rehabilitation at the acute hospital and IC rehabilitation intensity (hours/
day and days/week), length of stay (LOS) in IC and discharge destination.
Outcomes
Functional outcomes. (a) Absolute functional improvement (BI at IC discharge minus BI
at IC admission) [17]. In addition to the continuous variables, we also considered an improve-
ment of 20 points in the BI as clinically relevant [18]; (b) Relative functional gain, Heineman
or Montebello index (Absolute functional improvement divided by (Pre-stroke BI minus BI at
admission)), which calculates the relative functional gain, normalized for the amount of lost
function due to stroke as a maximum possible gain [17,19]. It was expressed as a continuous
variable and also dichotomized into the best Vs other two tertiles (Heineman 0,6 points or
higher Vs lower).
Efficiencyoutcomes. (a) LOS (days). Besides being expressed as a continuous variable, it
was also dichotomized as the lowest Vs other two tertiles (cut-point set at 36 days or lower Vs
higher; (b) Rehabilitation efficiency (Absolute functional improvement divided by LOS). It was
Rehabilitation Profiles of Stroke Survivors
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also stated as a dichotomous variable, using best Vs other two tertiles (0.48 points or higher Vs
lower); (c) New institutionalization at discharge from the IC unit.
Statistical analysis. We describedbaseline characteristics of the sample, presented as
mean values ± standard deviation (SD) for continuous variables, median values ± interquartile
range (IQR) for ordinal variables and numbers (percentages) for dichotomous variables.
To identify possible rehabilitation profiles, we performed a k-means cluster analysis using
the free access WEKA software, created by the University of Waikato-New Zealand [20]. Clus-
ter analysis has been used in other populations to describe homogeneous sub-groups (clusters)
with similar characteristics between them (intra-cluster distance minimized), but different
from other groups (inter-cluster distance maximized) [21,22]. The k-means cluster analysis is a
partition cluster approach, which divides the sample into smaller non-overlapping sub-groups
based on given parameters. Each sub-group must be associated with a “center sub-group
point” (based in mean and mode for continuous and categorical variables respectively), and
each patient is assigned to the closest center. We included, as “given parameters”, variables pre-
viously reported as predictors of functional outcomes or being clinically relevant: age, func-
tional status before and after stroke (BI), Charlson Index, stroke severity (NIHSS), cognitive
status (RLAS) and caregiver presence [8,23–27]. The k-means analysis requires to set, a priori,
the number of k clusters to be formed [28]. We explored possible clusters solutions by a repeti-
tive analysis for 3, 4, 5, 6 and 7 clusters. After assessing the results of each analysis, we selected
the 3 clusters model because larger numbers did not significantly improve the predictive power
of the cluster model.
With the aim to give a more operational and informative view of the profiles found through
the cluster analysis, and in order to propose a practical tool for clinicians to ideally assign a
recently admitted patient to one complexity rehabilitation profile, we complemented the analy-
sis using a decision tree approach using the C4.5 method.We selectedC4.5 because, in contrast
with other decision tree methods, it allows for categorical variables in the leaves, which in our
case is the cluster or complexity profile assigned to a patient. To ensure the validity of the deci-
sion tree, we explored the agreement between the complexity profile of each subject using the
cluster analysis and the decision tree.
We compared the resulting patient clusters for baseline characteristics not included in the
cluster analysis. We also compared the compare the results of each cluster in relation to our
functional and efficiencyoutcomes, using first ANOVA (and ANCOVA, adjusted by sex) and
chi-square for continuous and categorical outcomes respectively, in order to obtain a first esti-
mate of the distribution of the outcomes across groups. In both cases, pair-wise comparisons
between clusters were performed based on the Bonferroni method.We also performedmulti-
variable regression models to test the association between the clusters and the different
selected outcomes. The analysis was adjusted for variables considered to have a potential
influence on the outcomes, but not used to create the clusters (stroke type, beginning rehabili-
tation on acute hospital, presence of dysphagia, and sex). Linear regression was used for con-
tinuous outcomes (functional improvement, Heineman, LOS and rehabilitation efficiency)
and logistic regression for new institutionalization.We also used logistic regression to test the
association between the clusters and dichotomized functional and efficiencyoutcomes, in
order to express the magnitude of the association in a clearer quantitative fashion, using Odds
Ratios. To obtain dichotomous variables from continuous outcomes, we used a validated cut-
off (functional improvement) when available, and, in other cases, the best vs lowest tertiles
(Heineman, rehabilitation efficiency and LOS). Specific cut-offs were mentioned in the out-
comes paragraph.
Statistical analyses were performed using SPSS version 19.0 software (IBMCorporation).
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PLOS ONE | DOI:10.1371/journal.pone.0166304 November 9, 2016 4 / 13
Results
Out of the 10 IC units invited to participate, one withdrew, resulting in 9 IC included.We
assessed 445 post-stroke patients; of these, 61 (13.7%) were subsequently excluded because
they did not meet inclusion criteria or had relevant missing data (Fig 1). The 384 included par-
ticipants (mean age±SD 79.1±7.9 years, 50.8% women), had a good pre-stroke functional status
(median pre-stroke BI = 100, IQR = 80–100) and moderate comorbidity (median Charlson
index = 3, IQR = 1–4), but showed relevant post-stroke disability (median BI at admission = 20,
Fig 1. Inclusion and Exclusion chart.
doi:10.1371/journal.pone.0166304.g001
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IQR = 5–45), stroke severity (median NIHSS = 9, IQR = 4–15) and cognitive impairment
(median RLAS = 7, IQR = 5–8) at admission. The mean±SD LOS in IC was 61.6±45.6 days and
148 patients (48%) had started rehabilitation in the acute hospital Table 1.
Using cluster analysis, we defined 3 possible clusters or “rehabilitation complexity” profiles,
which might be presented using the following paradigmatic phenotypes, according to baseline
characteristics (Table 2).
1. Cluster 1, defined as “Lower Complexity with Caregiver”: patients under 80 years old, with
good pre-stroke function, with a caregiver, low comorbidity, affected by a stroke of moder-
ate severity, with a residual mild cognitive impairment and a high disability in ADLs at
admission in IC;
2. Cluster 2, defined as “Moderate Complexity without Caregiver”: patients under 80 years
old, with good pre-stroke function, without caregiver, moderate comorbidity, affected by a
stroke of moderate severity, presenting a moderate cognitive impairment and a high depen-
dence at admission in IC;
3. Cluster 3, defined as “Higher Complexity with Caregiver”: patients over 80 years old, with
moderate pre-stroke disability in ADLs, with a caregiver, high comorbidity, who suffered a
severe stroke, leading to a severe post-stroke cognitive and functional impairment.
Table 1. Sample description.
Variables Total sample N = 384
Age (years) 79.6±7.9
Female 195 (50.8%)
Caregiver present 283 (73.3%)
Smoke consumption 148 (38.5%)
Alcohol consumption 52 (133.5%)
Dementia 79 (20.6%)
Cerebral-vascular disease 129 (33.6%)
Diabetes Mellitus 141 (36.7%)
Dyslipidemia 169 (44.0%)
Previous institutionalization 11 (2.9%)
Charlson Index 3 (1–4)
Ischemic stroke 311 (81%)
Stroke severity (NIHSS) 9 (4–15)
Pre-stroke Barthel Index 100 (80–100)
Barthel Index at admission in IC units a 20 (5–45)
Cognitive impairment (RLAS)a 7 (5–8)
Beginning rehabilitation in acute hospital 184 (47.9%)
Pressure ulcers a 51 (13.3%)
Nasogastric feeding tube a 48 (12.5%)
Percutaneous enteral gastrostomy a 4 (1%)
Dysphagia a 205 (53.4%)
Aphasia a 187 (48.7%)
Length of stay at IC units (days) b 61.6±45.6
Values are report as N (percentages), mean ± SD and median ± Interquartile range for categorical,
quantitative and ordinal variables respectively.
a Assessed at admission on Intermediate care.
b Days of stay at Intermediate care.
doi:10.1371/journal.pone.0166304.t001
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In order to offer a practical tool to better describe our profiles and to potentially use the
cluster allocation in the clinical practice, we designed a decision tree, based on the variables
included in the cluster analysis (Fig 2). A very high agreement between the allocation obtained
using the decision tree and the cluster analysis was observed (96.6%).
We compared the three groups for baseline characteristics not included in the cluster analy-
sis (Table 3): the “Lower complexity” group was the group in which a higher percentage of
patients began rehabilitation at acute hospitals; the “Moderate Complexity” group had more
lifestyle risk factors and a lower percentage of patients in this cluster had begun rehabilitation
treatment in the acute care hospital; finally, the “Higher Complexity” group, tended to include
older participants with higher pre-stroke disability, had more women, less prevalence of life-
style risk factors (smoking and alcohol consumption), and a higher rate of previous institution-
alization. Patients of this group experiencedmore clinical complications related to stroke
(pressure ulcers, dysphagia, and aphasia) and had higher functional impairment at discharge.
Using ANCOVA (Table 4), the “Lower Complexity” group showed the greatest mean func-
tional improvement and relative functional gain. Mean differences in functional outcomes
between the “Lower Complexity” and the “Higher Complexity” group were statistically signifi-
cant. No differences were shown regarding LOS across groups. Mean rehabilitation efficiency
was higher in “Lower Complexity” patients, and lowest in “Higher Complexity” patients, who
also had a higher proportion of new institutionalizations.
The post-hoc analysis of Bonferroni showed a statistically significant difference between the
“Lower Complexity” cluster and the “Higher Complexity” cluster on functional improvement
(mean difference = 12.35, 95%CI = 4.96–19.73, p<0.001), relative functional gain (mean differ-
ence = 0.24, 95%CI = 0.02–0.46, p = 0.027), rehabilitation efficiency (mean difference = 0.4,
95%CI = 0.1–0.69, p = 0.004) and new institutionalization (17.8% on the first group and 34.6%
on the second one, p = 0.005). Comparing the “Moderate Complexity” and the “Higher Com-
plexity” groups, there were differences in functional improvement (mean difference = 8.7, 95%
CI = 0.34–17.02), p = 0.038). We found no significant differences in LOS between the different
clusters. Comparing the “Lower Complexity” and “Moderate Complexity” clusters, no signifi-
cant differences in the outcomes were shown, but there was a trend towards higher LOS and
institutionalizations in the “Moderate Complexity” group.
Table 2. Clusters´ characteristics: variables included in the cluster analysis.
Characteristics Post-stroke rehabilitation clusters
Lower Complexity with Caregiver
(N = 169)
Moderate Complexity without Caregiver
(N = 101)
Higher Complexity with Caregiver
(N = 114)
Age 78.4 ± 7.8 76.2 ± 6.7 82.6 ± 7.9
Charlson Index 2.6 ± 2.2 3.0 ± 2.0 3.4 ± 2.3
Caregiver present a Yes No Yes
Pre-stroke Barthel Index 92.0 ± 14.7 90.3 ± 15.4 75.6 ± 28.0
Stroke severity (NIHSS) a 6.6 ± 4.8 8.2 ± 6.3 18.6 ± 7.7
Cognitive impairment
(RLAS) a,b
7.3 ± 1.1 6.6 ± 1.7 4.3 ± 1.5
Barthel Index at IC units
admission
34.2 ± 22.9 36.5 ± 27.0 3.8 ± 7.3
Values are report as mean ± SD and mode for quantitative and categorical variables respectively.
a Assessed at admission on Intermediate care.
b Rancho Los Amigos Scale (RLAS), score from 1–8 points, describes coma—intact cognition.
doi:10.1371/journal.pone.0166304.t002
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In multivariable linear regression models, a progressively higher complexity of the clusters
showed a statistically significant association with functional improvement, but not with other
outcomes (Table 4). We repeated logistic regression models using dichotomized outcomes, and
these generally confirmed the results of the linear regression models: comparing the “Lower”
and the “Higher Complexity” clusters, we found that the first group had a fivefold increased
chance of improving20 points in the BI (OR = 4.68, 95%CI = 2.54–8.63, p<0.001), a fourfold
increased chance to recover more than 60% of lost functional capacity due to stroke (OR =
4.42, 95%CI = 1.81–10.75, p = 0.001) and an eightfold chance to have a greater rehabilitation
efficiency (OR = 7.88, 95%CI = 3.65–17.03, p<0.001). After comparing the “Moderate Com-
plexity” and the “Higher Complexity” clusters, the first had a threefold increased chance of
improving20 points in the BI (OR = 3.0 95%CI = 1.52–5.87), p = 0.001), to recover more
than 60% of lost functional capacity (OR = 3.45, 95%CI = 1.31–9.04, p = 0.012), a fourfold
chance to have a better rehabilitation efficiency (OR = 3.87, 95%CI = 1.69–8.89, p = 0.001) and
also less chance of shorter LOS (OR = 0.37, 95%CI = 0.19–0.73, p = 0.004). Finally, after com-
paring “Lower complexity” and “Moderate complexity” clusters, the second one had a lower
chance of shorter LOS (OR = 0.41, 95%CI = 0.23–0.75), no other differences between this two
clusters were found. No difference on pair-wise comparison was found for new institutionaliza-
tion and LOS.
Fig 2. Decision tree for cluster´s allocation. a The total of patient classified into this cluster are represent by the
first number; if there is a misclassification, a second number is shown, and if missing data exists, the algorithm
assigned “half patient” to each cluster; b NIHSS: National Institute of Health Stroke Scale; a score of 16 define a
severe stroke; c Rancho Los Amigos Scale measures cognitive function at admission (1–8, worse-better); at level
6, patient gives context appropriate, goal-directed responses, present recent memory problems; d Barthel index of
10 or less indicates severe disability.
doi:10.1371/journal.pone.0166304.g002
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Discussion
In our sample of older stroke survivors, we used cluster analysis to identify three possible stroke
rehabilitation profiles, and, based on the obtained results, we built a decision tree for easier
practical classification. The three groups differed in baseline characteristics, functional status
and outcomes. Stroke severity at IC admission, post-stroke disability, cognitive impairment
and presence of a caregiver seemed the main characteristics in order to assign patients to the
clusters. In multivariable models adjusted for different potential confounders, an association
between cluster assignment and functional recovery was observed. In pair-wise comparisons,
the less complex profiles, compared to the more complex one, also showed a greater relative
functional gain and more rehabilitation efficiency.
The baseline characteristics used to build the clusters are recognized as strong predictors of
stroke outcomes [29,30]. The importance of functional impairment (pre and post stroke dis-
ability) in defining clusters and initial stroke severity is consistent with previous studies
[23,24]. However, there is no consensus on whenmeasuring functional status, with a recent
study describing a good correlation between its assessment during the first five days and the
independence for activities of daily living at six months [31]. The average latency time between
stroke diagnosis and admission to IC unit in Catalonia is one week, which reinforces the
importance of functional assessment at IC admission [31,32]. On the other hand, some authors
report that the NIHSS evaluation between days 2 and 9 remains stable, so that this timeframe is
in line with our measurement, and it’s an independent predictor of 6 months. Our work also
highlights the importance of caregivers’ presence [26]: patients without a caregiver tend to stay
Table 3. Clusters´ characteristics: variables not included in the cluster analysis.
Characteristics Post-stroke rehabilitation clusters
Lower Complexity with
Caregiver (N = 169)
Moderate Complexity without
Caregiver (N = 101)
Higher Complexity with
Caregiver (N = 114)
p on
trend
Female 82 (48.5%) 45 (44.6%) 68 (59.6%) 0.64
Smoke consumption 68 (40.2%) 51 (50.5%) 29 (25.4%) <0.001
Alcohol consumption 18 (10.7%) 22 (21.8%) 12 (0.5%) 0.03
Dementia 28 (16.7%) 18 (17.8%) 33 (28.9%) 0.12
Cerebrovascular disease 51 (30.2%) 30 (29.7%) 48 (42.1%8) 0.72
Diabetes Mellitus 63 (37.3%) 39 (38.6%) 39 (34.2%) 0.78
Dyslipidemia 80 (47.3%) 48 (47.5%) 41 (36.0%) 0.12
Previous Institutionalization 4 (2.4%) 3 (3.0%) 4 (3.5%) 0.93
Ischemic Stroke 136 (80.5%) 81 (80.2%) 94 (82.5%) 0.82
Beginning rehabilitation at acute
hospital
103 (61.7%) 45 (48.9%) 76 (32.1%) <0.001
Pressure Ulcers a 14 (8.3%) 10 (9.9%) 27 (23.7%) 0.001
Nasogastric feeding tube a 6 (3.6%) 9 (8.9%) 33 (28.9%) <0.001
Percutaneous enteral
gastrostomy a
2 (1.2%) 0 (0.0%) 2 (1.8%) 0.24
Dysphagia a 69 (41.3%) 49 (48.5%) 87 (77.7%) <0.001
Aphasiaa 64 (37.9%) 45 (44.6%) 78 (68.4%) <0.001
Barthel Index at discharge from
IC units
60 (42.5–85) 60 (35–86.2) 10 (5–35) <0.001
Values are report as N (percentage) and median (Interquartile range, IQR) for categorical and ordinal variables respectively, p <0.05 was consider statistical
significant.
a Assessed at admission on Intermediate care units.
doi:10.1371/journal.pone.0166304.t003
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longer in IC and, regardless of the severity of stroke and pre and post functional dependency,
the lack of a caregiver directly orients to moderate complexity.
Other international studies, from China and the Netherlands, used cluster analysis to
describe profiles of stroke survivors. Despite socio-cultural healthcare systems differences,
there are similarities with our results [33,34]. In all three studies, disability at admission
emerges as a key characteristic to identify clusters. Similar to ours, the other two studies also
identified one specific cluster with a more severe impact of stroke and functional consequences
(defined “Higher Complexity with Caregiver” in our work, and “Poor condition” in the others
studies). However, this cluster showed different trajectories of recovery in the two studies. In
the study by Buijck et al, the “Poor condition” cluster had a relative greater functional improve-
ment, possibly explained by a floor effect (higher chance of improving); conversely, compared
with our other clusters, we found a worse improvement in the “Lower Complexity with Care-
giver” group, possibly due to the previous functional impairment and more severe stroke [33].
Differences in healthcare and rehabilitation resources might also contribute to these different
results.
Important outcomes differed between the clusters, suggesting the validity of the clustering.
We found differences between groups (linear or in pair-wise comparisons) for all the main
functional-related outcomes, including relative gain, and efficiency. LOS has been criticized as
an outcome measure in stroke trials as it is biased by early mortality, institutionalization and
social variables; in these sense, in our sample, it seems that the absence of caregiver could con-
tribute to have longer LOS. If these results are proved to be true, it could have implications on
social and healthcare resources allocation. Regarding institutionalization, which represent a
negative post-stroke outcome, we did not find a clear association, but a trend towards a higher
Table 4. Association between the clusters and outcomes.
Outcomes Post-stroke rehabilitation clusters p-value p-value
Lower Complexity with
Caregiver (N = 169)
Moderate Complexity without
Caregiver (N = 101)
Higher Complexity with
Caregiver (N = 114)
ANCOVA (adjusted by sex) LINEAR
REGRESSION
Functional
improvement
21.6±29.0 18.2±25.4 8.6±18.6 <0.001a,b 0.007a,b
Relative functional
gain
0.4±0.6 0.40±0.8 0.2±0.4 0.033a 0.156a,b
Length of stay 58.02±43.1 68.7±40.8 60.5±52.6 0.189 0.361c
Rehabilitation
efficiency
0.47±1.3 0.4±0.8 0.1±0.6 0.005a 0.064a,b
CHI-SQUARE (linear trend) LOGISTIC
REGRESSION
New
Institutionalization
17.8 (28) 27.2 (25) 34.6 (36) 0.008a 0.144
Values are report as mean±SD or percentages (N) for continuous or dichotomous outcomes, respectively. Functional improvement was calculated as BI at
discharge minus BI at admission; Relative functional gain was calculated as Functional improvement divided by (pre-stroke BI minus BI at admission);
Rehabilitation efficiency was calculated as Functional improvement divided by Length of stay. ANCOVA models were adjusted by sex; multivariable
regression models (linear regression for all the outcomes but logistic regression for new institutionalization) were adjusted by sex, type of stroke, dysphagia,
beginning of rehabilitation in the acute hospital. Differences according to post-hoc Bonferroni analysis after ANCOVA model, and contrasts between
clusters in logistic regression models showed:
a Difference between “Lower Complexity with Caregiver” and “Higher Complexity with Caregiver”, p <0.05.
b Difference between “Moderate Complexity without Caregiver” and “Higher Complexity with Caregiver”, p <0.05.
c Difference between “Lower Complexity with Caregiver” and “Moderate Complexity without Caregiver”, p <0.005.
doi:10.1371/journal.pone.0166304.t004
Rehabilitation Profiles of Stroke Survivors
PLOS ONE | DOI:10.1371/journal.pone.0166304 November 9, 2016 10 / 13
occurrence in more complex patients was found. It is also possible that institutionalization
occur later for some patients, after a first attempt to care for the person at home is made.
We acknowledge limitations in our study. We did not collect information about stroke
acute treatments (fibrinolysis or revascularization) and complications, nor about specific stroke
classifications besides ischemic/hemorrhagic.Regarding functional assessment, other scales,
such as the modifiedRankin Scale, could be used instead of BI, but there is no consensus on a
“gold standard”. Finally, RLAS is not commonly used in Spanish IC units. Strengths of our
study include the multicenter design with a large, “real world” population and the comprehen-
sive assessment. The combined statistical methods, with the proposition of a practical approach
to identify patients’ profile, can be also considered as innovative.
Conclusion
In our relatively large multi-centric sample of older stroke survivors admitted to post-acute
geriatric rehabilitation, a common comprehensive assessment, that could be applied easily at
admission at any stroke rehabilitation unit, was the basis for the identification of three com-
plexity rehabilitation profiles, which showed differences in functional recovery. In the context
of limited healthcare resource and potentially increasing demand of stroke services, under-
standing profiles of older adults admitted to IC after a stroke may help clinical and policy deci-
sion making.We speculate that, if our results will be confirmed by other studies, the early
identification of different clusters, based on a standard assessment and supported by a visual
algorithm to assign a newly admitted patient to a specific IC rehabilitation profile, could be
used to test and eventually offer intervention programs tailored for patients’ needs and
expected outcomes. Among other potential uses, the identification of profiles might help to
estimate and inform patients and caregivers about prognosis and goal setting, and, if comple-
mented by further economic analyses, to improve planning, policy and resource allocation.
Supporting Information
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2010.
(XLS)
Author Contributions
Conceptualization:MIMG.
Data curation:MI LMP.
Formal analysis: LMPMI RG JM TJQ.
Funding acquisition:MIMG.
Investigation: ED LCPMC SS CCMI.
Methodology:LMPMI RG.
Project administration:MIMG.
Resources:MGMI.
Software:RG.
Supervision:MIMG.
Rehabilitation Profiles of Stroke Survivors
PLOS ONE | DOI:10.1371/journal.pone.0166304 November 9, 2016 11 / 13
Visualization: LMPMI.
Writing – original draft: LMPMI JM TJQ RG ED LCPMC SS CCMG.
Writing – review& editing: LMPMI RG TJQ JM.
References
1. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, et al. Heart Disease and
Stroke Statistics—2015 Update: A Report From the American Heart Association. Circulation. 2015;
131: e29–e322. doi: 10.1161/CIR.0000000000000152 PMID: 25520374
2. Luengo-Fernandez R, Paul NLM, Gray AM, Pendlebury ST, Bull LM, Welch SJ V, et al. Population-
Based Study of Disability and Institutionalization After Transient Ischemic Attack and Stroke: 10-Year
Results of the Oxford Vascular Study. Stroke. 2013; 44: 2854–2861. doi: 10.1161/STROKEAHA.113.
001584 PMID: 23920019
3. Langhorne P, Duncan P. Does the organization of postacute stroke care really matter? Stroke. 2001;
32: 268–274. doi: 10.1161/01.STR.32.1.268 PMID: 11136947
4. Duarte E, Alonso B, Ferna´ndez MJ, Ferna´ndez JM, Flo´rez M, Garcı´a-Montes I, et al. Rehabilitacio´n
del ictus: modelo asistencial. Recomendaciones de la Sociedad Española de Rehabilitacio´n y Medi-
cina Fı´sica, 2009. Rehabilitacio´n. 2010; 44: 60–68. doi: 10.1016/j.rh.2009.10.001
5. Catalan Department of Health. Pla Director Sociosanitari. In: Catalan Department of Health web site.
2006 [cited 5 Feb 2016]. Available: http://salutweb.gencat.cat/web/.content/home/ambits_tematics/
linies_dactuacio/salut_i_qualitat/plans_directors_2008-(2010/sociosanitari/que_es/documents/pd_
socisanitari271006.pdf.
6. Meyer MJ, Pereira S, McClure A, Teasell R, Thind A, Koval J, et al. A systematic review of studies
reporting multivariable models to predict functional outcomes after post-stroke inpatient rehabilitation.
Disabil Rehabil. 2015; 37: 1316–1323. doi: 10.3109/09638288.2014.963706 PMID: 25250807
7. Pe´rez LM, Inzitari M, Roque´ M, Duarte E, Valle´s E, Rodo´ M, et al. Change in cognitive performance is
associated with functional recovery during post-acute stroke rehabilitation: a multi-centric study from
intermediate care geriatric rehabilitation units of Catalonia. Neurol Sci. 2015; 36: 1875–1880. doi: 10.
1007/s10072-015-2273-3 PMID: 26050232
8. Denti L, Artoni A, Casella M, Giambanco F, Scoditti U, Ceda GP. Validity of the Modified Charlson
Comorbidity Index as Predictor of Short-term Outcome in Older Stroke Patients. J Stroke Cerebrovasc
Dis. 2015; 24: 330–336. doi: 10.1016/j.jstrokecerebrovasdis.2014.08.034 PMID: 25498734
9. Young J, Forster A. Review of stroke rehabilitation. Br Med J. 2007; 334: 86–90. doi: 10.1136/bmj.
39059.456794.68 PMID: 17218714
10. Langhorne P, Bernhardt J, Kwakkel G. Stroke rehabilitation. Lancet (London, England). 2011; 377:
1693–702. doi: 10.1016/S0140-6736(11)60325-5
11. Tinetti ME, Basu J. Research on multiple chronic conditions: where we are and where we need to go.
Med Care. 2014; 52 Suppl 3: S3–6. doi: 10.1097/MLR.0000000000000093 PMID: 24561755
12. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity
in longitudinal studies: development and validation. J Chronic Dis. 1987; 40: 373–83. doi: 10.1016/
0021-9681(87)90171-8 PMID: 3558716
13. Brott T, Adams HP, Olinger CP, Marler JR, Barsan WG, Biller J, et al. Measurements of acute cerebral
infarction: a clinical examination scale. Stroke. 1989; 20: 864–870. doi: 10.1161/01.STR.20.7.864
PMID: 2749846
14. Domı´nguez R, Vila JF, Augustovski F, Irazola V, Castillo PR, Rotta Escalante R, et al. Spanish cross-
cultural adaptation and validation of the National Institutes of Health Stroke Scale. Mayo Clin Proc.
2006; 81: 476–80. PMID: 16610567
15. Mahoney FI, Barthel DW. Funtional evaluation: The Barthel index. Md State Med J. 1965; 14: 61–65.
16. Gouvier WD, Blanton PD, LaPorte KK, Nepomuceno C. Reliability and validity of the Disability Rating
Scale and the Levels of Cognitive Functioning Scale in monitoring recovery from severe head injury.
Arch Phys Med Rehabil. 1987; 68: 94–97. doi: 10.1097/00001199-198712000-00015 PMID: 3813863
17. Koh GC-H, Chen CH, Petrella R, Thind A. Rehabilitation impact indices and their independent predic-
tors: a systematic review. BMJ Open. 2013; 3: e003483. doi: 10.1136/bmjopen-2013-003483 PMID:
24068767
18. Bazta´n JJ, Ga´lvez CP, Socorro A. Recovery of functional impairment after acute illness and mortality:
one-year follow-up study. Gerontology. 2009; 55: 269–74. doi: 10.1159/000193068 PMID: 19141990
Rehabilitation Profiles of Stroke Survivors
PLOS ONE | DOI:10.1371/journal.pone.0166304 November 9, 2016 12 / 13
19. Drubach D., Kelly M., Taragano F. The Montebello rehabilitation factor score. J Neurol Rehabil. 1994;
8: 92–96.
20. Hall M, Frank E, Holmes G, Pfahringer B, Reutemann P, Witten IH. The WEKA Data Mining Software:
An Update. ACM SIGKDD Explor Newsl. 2009; 11: 10. doi: 10.1145/1656274.1656278
21. Gagnon P, Casaburi R, Saey D, Porszasz J, Provencher S, Milot J, et al. Cluster Analysis in Patients
with GOLD 1 Chronic Obstructive Pulmonary Disease. PLoS One. 2015; 10: e0123626. doi: 10.1371/
journal.pone.0123626 PMID: 25906326
22. Armstrong JJ, Zhu M, Hirdes JP, Stolee P. K-means cluster analysis of rehabilitation service users in
the home health care system of Ontario: Examining the heterogeneity of a complex geriatric popula-
tion. Arch Phys Med Rehabil. 2012; 93: 2198–2205. doi: 10.1016/j.apmr.2012.05.026 PMID:
22705468
23. Sucharew H, Khoury J, Moomaw CJ, Alwell K, Kissela BM, Belagaje S, et al. Profiles of the national
institutes of health stroke scale items as a predictor of patient outcome. Stroke. 2013; 44: 2182–2187.
doi: 10.1161/STROKEAHA.113.001255 PMID: 23704102
24. Abdul-Rahim AH, Fulton RL, Sucharew H, Kleindorfer D, Khatri P, Broderick JP, et al. National insti-
tutes of health stroke scale item profiles as predictor of patient outcome: external validation on inde-
pendent trial data. Stroke. 2015; 46: 395–400. doi: 10.1161/STROKEAHA.114.006837 PMID:
25503546
25. Heruti RJ, Lusky A, Dankner R, Ring H, Dolgopiat M, Barell V, et al. Rehabilitation outcome of elderly
patients after a first stroke: effect of cognitive status at admission on the functional outcome. Arch
Phys Med Rehabil. 2002; 83: 742–9. PMID: 12048650
26. Tanwir S, Montgomery K, Chari V, Nesathurai S. Stroke rehabilitation: availability of a family member
as caregiver and discharge destination. Eur J Phys Rehabil Med. 2014; 50: 355–62. PMID: 24518145
27. Van Almenkerk S, Smalbrugge M, Depla MFI a, Eefsting JA, Hertogh CMPM. What predicts a poor out-
come in older stroke survivors? A systematic review of the literature. Disabil Rehabil. 2013; 35: 1774–
82. doi: 10.3109/09638288.2012.756941 PMID: 23350761
28. McLachlan GJ. Cluster analysis and related techniques in medical research. Stat Methods Med Res.
1992; 1: 27–48. doi: 10.1177/096228029200100103 PMID: 1341650
29. Brown AW, Therneau TM, Schultz B a., Niewczyk PM, Granger C V. Measure of functional indepen-
dence dominates discharge outcome prediction after inpatient rehabilitation for stroke. Stroke. 2015;
46: 1038–44. doi: 10.1161/STROKEAHA.114.007392 PMID: 25712941
30. Pinedo S, Erazo P, Tejada P, Lizarraga N, Aycart J, Miranda M, et al. Rehabilitation efficiency and des-
tination on discharge after stroke. Eur J Phys Rehabil Med. 2014; 50: 323–333. PMID: 24429916
31. Quinn TJ, Langhorne P, Stott DJ. Barthel Index for Stroke Trials: Development, Properties, and Appli-
cation. Stroke. 2011; 42: 1146–1151. doi: 10.1161/STROKEAHA.110.598540 PMID: 21372310
32. Kwakkel G, Veerbeek JM, Harmeling-van der Wel BC, van Wegen E, Kollen BJ. Diagnostic Accuracy
of the Barthel Index for Measuring Activities of Daily Living Outcome After Ischemic Hemispheric
Stroke: Does Early Poststroke Timing of Assessment Matter? Stroke. 2011; 42: 342–346. doi: 10.
1161/STROKEAHA.110.599035 PMID: 21183748
33. Buijck BI, Zuidema SU, Spruit-van Eijk M, Bor H, Gerritsen DL, Koopmans RTCM. Is patient-grouping
on basis of condition on admission indicative for discharge destination in geriatric stroke patients after
rehabilitation in skilled nursing facilities? The results of a cluster analysis. BMC Health Serv Res. BMC
Health Services Research; 2012; 12: 443. doi: 10.1186/1472-6963-12-443 PMID: 23211058
34. Louie SW-S, Wong SK-M, Wong CM-Y. Profiles of functional outcomes in stroke rehabilitation for Chi-
nese population: a cluster analysis. NeuroRehabilitation. 2009; 25: 129–35. doi: 10.3233/NRE-2009-
0508 PMID: 19822944
Rehabilitation Profiles of Stroke Survivors
PLOS ONE | DOI:10.1371/journal.pone.0166304 November 9, 2016 13 / 13
